Essential fatty acid (EFA) deficiency exerts a beneficial effect on immune-mediated glomerulonephritis, preventing both the tissue injury and consequent mortality. Because both macrophages and eicosanoids are thought to play pathogenic roles in glomerulonephritis, and because macrophages play an important role in modulating arachidonate metabolism at sites of renal injury, the effects of EFA deficiency on the population of resident glomerular macrophages and on glomerular eicosanoid generation were examined. EFA deficiency led to a striking reduction in the number of resident glomerular macrophages and a corresponding reduction in the number of resident glomerular Ia' cells. This phenomenon was not strain-specific, was not due to a decrease in circulating monocytes, was not a function of changes in cell surface labeling characteristics, and was not restricted to a specific subset of glomeruli. In addition, EFA deficiency affected other areas of the renal cortex: a comparable depletion of interstitial macrophages and Ia' cells was also observed. In conjunction with the decrease in glomerular macrophages seen with the deficiency state, a marked decrease in both basal and angiotensin II-stimulated glomerular eicosanoid production was noted. In contrast to angiotensin II, platelet-activating factor-induced eicosanoid production was not significantly affected by the deficiency state. These changes in glomerular eicosanoid production could not be attributed to changes in glomerular cyclooxygenase or reacylation capacity. Dietary (n-6) fatty acid supplementation, but not (n-3) fatty acid supplementation, reversed both the decrease in glomerular macrophages and the diminished eicosanoid metabolism seen with the deficiency state. Understanding the mechanisms behind the changes in the glomerular microenvironment induced by EFA deficiency may provide a basis for elucidating the protective effect of dietary fatty acid manipulation on immune-mediated glomerulonephritis.
Introduction
Modification of dietary fatty acids has been shown to prolong survival in several animal models of systemic lupus erythema-tosus. Hurd et al. demonstrated that essential fatty acid (EFA)' deficiency markedly prolonged survival in NZB X NZW mice (1). Kelley et al. and Prickett et al. showed a similar beneficial effect for diets enriched for (n-3) fatty acids in MRL lpr (2) and NZB X NZW mice (3), respectively. Modification of fatty acid intake appears to be particularly effective in ameliorating the chronic glomerulonephritis associated with the development of autoimmunity, reducing both the incidence of proteinuria and the severity of the attendant histologic changes (1) (2) (3) . Because renal failure is the principal cause of death in murine lupus (4) , the mechanism of the beneficial effect of dietary fatty acid manipulation has been felt to be due to its effects on the development of the glomerulonephritis. The mechanisms by which modulation of fatty acid intake prevent the development of immune-mediated glomerular disease, however, remain ill-defined.
Both glomerular macrophages (5, 6) and glomerular eicosanoid production (7) have been implicated pathogenically in glomerulonephritis. The normal rat glomerulus contains a population of macrophages that reside in the mesangium, that are phagocytic and capable of antigen processing, and that can express la molecules (8) . Both acute and chronic glomerulonephritis in the rat is associated with increased numbers of glomerular macrophages, and these cells appear to play a role in the observed tissue injury (6, 9) . Additionally, glomerular eicosanoid synthesis has been shown to be increased in glomerulonephritis (both cyclooxygenase [10] and lipoxygenase [111 metabolism), and eicosanoids may mediate some of the attendant functional deficits (7) . Evidence also exists to relate these different aspects of renal inflammation: macrophages have been shown to be critically important in modulating arachidonate metabolism at sites of renal injury (12) .
Consequently, in an effort to understand the beneficial effects of dietary fatty acid modulation on immune-mediated glomerulonephritis, the present study focuses on the effects of EFA deficiency on both the population of resident glomerular macrophages and on glomerular eicosanoid production. EFA deficiency is shown to lead to a striking depletion of resident glomerular macrophages and to a concurrent diminution of angiotensin II-induced eicosanoid production. Both of these defects are specifically reversed by dietary (n-6) fatty acid supplementation. These findings may provide a basis for understanding the salutary effect of EFA deficiency on immunemediated glomerulonephritis.
Methods
Reagents and materials. Weanling Sprague-Dawley or Lewis rats were obtained from Charles River Breeding Laboratories, Inc., Wilmington, Glomeruli were harvested as detailed in Methods and either used untreated or treated with collagenase as indicated. Approximately equal numbers of glomeruli were then incubated for successive 10-min periods in either phosphate-buffered saline (PBS) or oxygenated Kreb'sHenseleit (KH) buffer. Periods of basal PGE2 production were followed by periods of agonist stimulation. PGE2 production was determined by a specific radioimmunoassay. Glomeruli were pelleted after the incubation for protein determination using a fluorescamine assay. Glomerular viability was estimated from enzymatically dissociated cells using trypan blue exclusion.
MA, or Harlan Sprague Dawley, Indianapolis, IN, and fed either a standard lab diet or a fat-free diet purchased from Purina Test Diets, Richmond, IN for at least 8 wk. The fatty acid analysis of these diets has been previously published (13 Initial experiments were performed using previously published protocols for glomerular incubation in which glomeruli are incubated in a physiologic salt solution in the presence or absence of exogenous arachidonate (7, 10, 11) . Products of arachidonate metabolism could be detected in these incubations, but glomeruli failed to respond to hormonal agonists known to stimulate glomerular cell arachidonate metabolism- (14) (15) (16) (Table I) . After incubation, glomeruli were enzymatically dissociated into a suspension of single cells, and glomerular cell viability was determined by exclusion of trypan blue. Glomeruli from these incubations demonstrated extensive cell death (Table I) . Substituting an oxygenated buffer was found to reduce cell death extensively, but glomeruli still did not respond to hormonal agonists (Table I) . Because of the possibility that this failure to respond to agonists represented impaired access ofthe ligand to the interior ofthe glomerulus, glomeruli were rendered permeable using a mild collagenase exposure. This treatment renders the glomerular mesangium permeable to antibody, permitting in situ labeling of cells in the interior of the glomerulus, but has no effect on overall glomerular architecture except for the removal of Bowman's capsule (8) . Incubations with collagenase-permeabilized glomeruli resulted in minimal cell death, a diminished basal arachidonate metabolism relative to nonpermeabilized glomeruli (the elevation ofwhich may have been in part due to ischemia), and unequivocal responses to hormonal agonists (Table I) .
As a result ofthese findings, isolated glomeruli were treated with 20 U/ml collagenase type II and 0.01 mg/ml DNAase for 20 min at room temperature before use. They were then washed several times with cold oxygenated Kreb's-Henseleit buffer. After collagenase treatment, glomeruli were aliquoted and used in either labeling experiments or in incubations to determine eicosanoid synthesis.
Glomerular incubations were carried out as follows. -25,000 glomeruli were suspended in warm oxygenated Kreb's-Henseleit buffer and incubated for successive 10-min periods. After two equilibration periods (during which 0.1% bovine serum albumin was added to the Kreb's-Henseleit buffer), glomeruli were washed three times, and the basal production of eicosanoids was determined. Glomeruli were then exposed to A II 1 gM. This concentration ofA II had been determined to give a maximal response (Fig. 1 ). Glomeruli were then washed three 0.3- Figure 1 . Glomerular syn- (17) and the lipids processed as detailed below. Glomerular production of PGE2 and TxB2 were determined by assaying the Kreb's-Henseleit buffer directly using specific radioimmunoassays detailed previously (18). Sample cross reactivities for the PGE2 antiserum were 6-keto-PGFIa, 0.39%; PGF2,, 0.04%; and TxB2, 0.003%. Sample cross-reactivities for the TxB2 antiserum were 6-ketoPGFia, 0.007%; PGE2, 0.0 12%; and PGF2,, 0.025%. Glomerular production ofeicosanoids was normalized for glomerular protein content, as determined by a fluorescamine assay.
Glomeruli were labeled for leukocyte antigens using a protocol modified from that previously published (19). After collagenase treatment, glomeruli were washed twice in cold phosphate-buffered saline and then placed in one of three primary antibody preparations: (a) monoclonal mouse antibody against rat leukocyte common antigen diluted 1:2 in phosphate-buffered saline; (b) polyclonal rabbit anti-rat macrophage antiserum diluted 1:20 in phosphate-buffered saline; or (c) monoclonal mouse antibody against Lewis Ia antigen (MAS-028) or against a common epitope found in Sprague-Dawley (MAS-029), both diluted 1:3 in phosphate-buffered saline. After 20 min at 4°C, the glomeruli were washed once, placed in phosphate-buffered saline for 10 min to permit unbound antibody to diffuse out of the glomerulus, washed again, and placed in a solution of a secondary antibody. Secondary antibodies were either FITC-rabbit anti-mouse antiserum or FHTC-goat anti-rabbit antiserum. No labeling was observed with control primary antibody lacking the designated specificities or with secondary antibody exposure only. After washing, the glomeruli were fixed in 2% paraformaldehyde in phosphate-buffered saline. The labeled cell content of isolated glomeruli was evaluated by microscopic examination with a Universal microscope (Carl Zeiss, Inc., Thornwood, NY). Cells are quantified by focusing through the glomerulus and counting cells as they appear in the plane of focus. In most experiments, 50-100 glomeruli were counted, and the results are expressed as mean±SE.
Phagocytic assay of macrophages. Thioglycollate-elicited macrophages were harvested in Hanks' balanced salt solution containing 1% Hepes buffer. 1 ml containing 2 X 106 cells was placed in duplicate 16-mm wells. Cells were allowed to adhere at 37°C for 3 h, washed, layered with 4 X 1O' latex beads, and incubated for 1 h. The cells were then washed to remove unbound latex, fixed in 2% paraformaldehyde in phosphate-buffered saline, and examined by light microsopy. 100 cells from each well were examined. Cells interiorizing three or more particles were scored as positive and the number of particles internalized was recorded. Adherent cell density of control and EFA-deficient macrophages was comparable.
Isolation, culture, and phagocytic assay of glomerular cells. To assay glomerular cells for phagocytosis, glomeruli were dissociated into single cells using a previously detailed procedure (8) . In brief, glomeruli were placed in a solution of trypsin (0.5 mg/ml), collagenase (1 mg/ml), and DNAase (0.1 mg/ml) for 30 Hepatic and glomerular lipid analysis. Liver lipids from normal and EFA-deficient animals were extracted using a Bligh-Dyer extraction (17) . Lipids were then transmethylated (along with heneicosanoic acid as an internal standard), and the resultant fatty acid methyl esters were isolated by thin layer chromatography and characterized by gas chromatography using previously described methods (13) .
Glomerular lipids in contrast were first separated into phospholipids using two-dimensional thin layer chromatography, and the fatty acid composition of individual phospholipids determined by transmethylation and gas chromatography as detailed before (13) . Henei (Table II) . A 20:3(n-9) to arachidonate ratio of > 0.4 is the biochemical criterion for EFA deficiency (20) .
Glomerular lipids were fractionated into individual phospholipids before fatty acid analysis. Glomerular phospholipid arachidonate was also depleted with EFA deficiency, though less so than liver arachidonate (Table III) . All four classes of phospholipids showed decreased arachidonate with EFA deficiency, ranging from a 7 1% decrease in phosphatidylcholine to a 24% decrease in phosphatidylserine. The 20:3(n-9) to arachidonate ratios seen in the individual phospholipids also varied widely, ranging from 3.00 in phosphatidylcholine to 1.56 Liver lipids from control, EFA-deficient, EFA-deficient/linoleatesupplemented, and EFA-deficient/linolenate-supplemented animals were extracted using a Bligh-Dyer extraction (17) . The constituent fatty acids were then transmethylated, isolated by thin layer chromatography, and characterized and quantified using gas chromatography. P < 0.01 for one-way analysis of variance on both AA and 20:3(n-9) groups. Means were compared using Student's t test. The possibility that EFA deficiency might have affected the expression of macrophage cell surface antigens, thus leading to a decrease in macrophage labeling rather than an actual decrease in glomerular macrophage number, was also considered. In consequence, a functional assay for resident glomerular macrophages, phagocytosis (8, 19) (Fig. 5) and was comparable with that seen with the fluorescence labeling technique (Fig. 2) . These data thus validate those obtained with the fluorescence labeling technique and demonstrate conclusively that resident glomerular macrophage number is decreased in EFA deficiency.
To examine whether a subset of glomeruli were preferentially affected by EFA deficiency or whether glomeruli were uniformly affected, the distribution of macrophages in glomeruli from both EFA-deficient and control Lewis rats was determined. As shown in Fig. 6 , control glomeruli exhibited a (Fig. 7) . Thus the depletion of macrophages seen with the deficiency state was a generalized phenomenon with respect to the renal cortex: resident macrophages were depleted from both the glomeruli and the interstitium.
Effects ofEFA deficiency on glomerular eicosanoidproduction. Glomerular cells are known to synthesize eicosanoids basally and in response to a variety of agonists (14-16). The effects of EFA deficiency on glomerular eicosanoid production were thus determined by measuring both the basal production of PGE2 and TxB2 and the production of these eicosanoids in response to two potentially important agonists with respect to glomerulonephritis, A 11 (22) and PAF (23) .
Glomerular basal production of PGE2 and TxB2 was suppressed by the deficiency state. An -50% decrease in the basal synthesis of these eicosanoids was seen with EFA deficiency (Table IV ). An even more striking effect was seen when A II-stimulated eicosanoid metabolism was examined. Control glomeruli responded to A II stimulation with a three-to fivefold increase in both PGE2 and TxB2 production (Table IV) . EFA-deficient glomeruli exhibited a markedly decreased generation of these eicosanoids in response to A II: PGE2 and TxB2 production were decreased by 85% relative to control (Table IV) .
EFA deficiency, in contrast, did not significantly affect the elaboration of eicosanoids in response to the other agonist utilized, PAF. In normal glomeruli, PAF led to a doubling of PGE2 and TxB2 production (Table IV) . The production of these eicosanoids in response to this agonist by EFA-deficient glomeruli was modestly decreased relative to control glomeruli (Table IV) .
The observed differences in eicosanoid production between EFA-deficient and control glomeruli could not be attributed to differences in glomerular cyclooxygenase capacity. The conversion of exogenous arachidonate to both PGE2 and TxB2 by EFA-deficient glomeruli was actually severalfold greater than that seen with control glomeruli (Fig. 8) . Glomerular eicosanoid production assessed using exogenous arachidonate was thus strikingly different than glomerular eicosanoid production assessed using agonists causing the release of endogenous arachidonate. EFA-deficient glomeruli were markedly deficient in the production of eicosanoids in response to A II (but not PAF). In contrast, EFA-deficient glomeruli actually produced greater quantities of eicosanoids relative to control when provided with exogenous substrate.
The differences in agonist-stimulated eicosanoid production between EFA-deficient and control glomeruli also could not be explained by differences in glomerular reacylation ability which might affect the availability of free fatty acid for metabolism. The reuptake of labeled exogenous arachidonate was the same in EFA-deficient and control glomeruli: 95 and 92% in EFA-deficient glomeruli and 94 and 95% in control glomeruli.
Effects of selected fatty acid repletion on the changes in glomerular macrophages and eicosanoid metabolism seen with EFA deficiency. To determine whether the changes in glomerular macrophage number and glomerular prostaglandin production were specifically a function of(n-6) or (n-3) fatty acids, and to assess the reversibility of these changes, we performed a series of experiments in which EFA-deficient animals were supplemented with either linoleate methyl ester or linolenate methyl ester. As shown in Table II , supplementation with linoleate restored liver arachidonate levels to more normal levels and markedly decreased both the 20:3(n-9) level and the 20:3(n-9) to arachidonate ratio. Linolenate supplementation of EFA-deficient animals, in contrast, further decreased arachidonate levels (Table II) . The percentage of 20:3(n-9), as well as the 20:3(n-9) to arachidonate ratio, however, were suppressed with linolenate supplementation. Linolenate supplementation also increased liver (n-3) fatty acids, particularly (Table V) . Levels of phospholipid 20:3(n-9), as well as 20:3(n-9) to arachidonate ratios, were also suppressed by linoleate supplementation (Table V) . Linolenate supplementation of EFA-deficient animals, in contrast did not restore levels of glomerular phospholipid arachidonate, but did decrease levels of phospholipid 20:3(n-9) and suppress 20:3(n-9) to arachidonate ratios (Table  V) . Levels of glomerular phospholipid (n-3) fatty acids (particularly 20:5[n-3]) were also increased (data not shown).
Numbers of glomerular macrophages were subsequently quantified in the four different groups of animals: control, EFA-deficient, EFA-deficient/linoleate-supplemented, and EFA-deficient/linolenate-supplemented animals. As shown in Fig. 9 , levels of macrophages were increased to approximately twice normal levels by linoleate supplementation. Linolenate supplementation did not increase levels of macrophages in the glomerulus above that seen in EFA deficiency (Fig. 9) .
The eicosanoid metabolism of glomeruli from these four groups of animals was determined in parallel to the labeling experiments. As noted in Table VI , glomeruli from linoleatesupplemented EFA-deficient animals exhibited an increased basal production of PGE2 and TxB2 to levels roughly two-to threefold greater than control. A 11-stimulated eicosanoid pro- glomerular protein content (determined by a fluorescamine method). The increase over basal is shown and is expressed as the average of three experiments ± the standard error. EFA-deficient values were compared to control values using Student's t test. Significance levels are *P < 0.05, **P <0.01. duction by these glomeruli, however, was simply restored to control levels. Glomeruli from linolenate-supplemented EFAdeficient animals exhibited an even lower basal production of eicosanoids relative to EFA-deficient glomeruli (Table VI) . These glomeruli also exhibited a suppressed response to A II stimulation comparable to EFA-deficient glomeruli.
In sum, both the decrease in glomerular macrophage number and the decrease in glomerular eicosanoid production induced EFA deficiency were reversible, covariant, and specifically a function of the presence of (n-6) rather than (n-3) fatty acids.
Discussion
This study demonstrates two novel effects of EFA deficiency on the glomerulus. One is a marked depletion in the number of resident mesangial macrophages without a commensurate decrease in circulating monocytes. The other is a selective effect on agonist-induced glomerular eicosanoid production. These two effects of EFA deficiency are reversible with (n-6) but not (n-3) fatty acids supplementation and appear to vary in parallel. Glomeruli from control and EFA-deficient animals were isolated and incubated as detailed in Methods. Glomerular PGE2 and TxB2 synthesis was determined by specific radioimmunoassay and normalized for the amount of glomerular protein present. Net synthesis represents total minus basal synthesis. Means were compared with Student's t test. * P < 0.05; * P < 0.01; EFA-deficient vs. control (n = 3, all groups). The observation that EFA deficiency affects A II-induced eicosanoid synthesis more than that induced by PAF is similar to a previously described phenomenon in isolated perfused EFA-deficient kidneys. EFA deficiency was shown to decrease markedly A II-stimulated PGE2 production (13) . In contrast, ischemia-induced PGE2 production was unaffected (13) . This difference was attributed to the findings that EFA deficiency preferentially depletes phosphatidylinositol of arachidonate (13) , and that this phospholipid pool may be the source of arachidonate in response to A II stimulation (24) . Ischemia, in comparison to A II, is a relatively less specific stimulus for fatty acid release (25) . Studies also suggest that PAF is a less specific stimulus than A II and induces the release of arachidonate from several phospholipids (15) . This difference may explain the differential effect of EFA deficiency on these two agonists.
Manipulation of dietary fatty acids (both EFA deprivation and (n-3) fatty acid supplementation) has been shown to be remarkably protective against the lethal glomerulonephritis that develops in murine lupus (1) (2) (3) . The basic explanations behind this phenomenon, however, have not been established. Suppression of autoimmunity has been suggested as a possible mechanism ofthe protective effect (2) . Available studies, however, would seem to contradict this hypothesis. No unequivocal effect of EFA deficiency has been established with respect to systemic immunity, either humoral or cellular (reviewed in reference 26). In fact, some studies have shown an increase in both humoral (27) and cell-mediated immunity (28) . Moreover, dietary fatty acid manipulation has been shown to exert a protective effect despite the fact that anti-dsDNA autoantibodies are not suppressed (2) . Additionally, institution of dietary fatty acid manipulation has been shown to be protective even when started after the inception of renal disease (29) . The data presented in this study would suggest an entirely different possibility: that modulation of the glomerular microenvironment (i.e., glomerular macrophage number and eicosanoid production) may contribute to the renal-sparing effects of dietary fatty acid restriction in lupus glomerulonephritis.
The contributing role of macrophages in the evolution of glomerulonephritis has received increasing emphasis. Studies have established that rat glomeruli contain a resident population of macrophages that are derived from the bone marrow, that are phagocytic, and that express la antigens (19). Such cells are immunologically competent and are capable of presenting antigen to appropriately sensitized lymphocytes (8) . Their relative depletion from the kidney and virtual absence from approximately half of the glomeruli as seen in EFA deficiency could conceivably protect against the initiation ofan in situ immune reaction. Additionally, the same effects inhibiting the migration of monocytes into the glomerulus in EFA deficiency could affect the mobilization of leukocytes into the glomerulus in the context of glomerular inflammation. This influx of leukocytes is causally associated with the glomerular damage in experimental glomerulonephritides (5, 6) . In support of this contention, we have preliminary evidence that EFA deficiency largely abrogates the influx of macrophages into the glomerulus in response to inflammatory stimuli (30) .
The modulation of glomerular arachidonate metabolism induced by EFA deficiency could be equally significant in ameliorating immune-mediated glomerular inflammation. Studies have established an enhanced glomerular production of eicosanoids in glomerulonephritis (10, 11, 31) and have shown that eicosanoids may play a role in the pathophysiologic changes that occur (7, 31) . Studies also suggest a role for A II in glomerulonephritis and suggest that this autocoid may be an agonist in vivo for eicosanoid production (22) . The inhibition of basal as well as A II-stimulated eicosanoid production seen with EFA deficiency might therefore ameliorate the altered glomerular physiology in nephritis.
The observation that EFA deficiency affects both glomerular macrophage representation and arachidonate metabolism in concert, and that both of these changes are reversed concomitantly with (n-6) fatty acid supplementation suggests that these phenomena may be causally interrelated. Independent lines of observation would tend to support this conjecture. Macrophages have been shown to affect dramatically the arachidonate metabolism of a variety of mesenchymal cells (32) , including mesangial cells (33) . This interaction occurs via the elaboration of soluble factors, most notably interleukin 1 (32) . Mononuclear cell factor(s) have been shown to increase both mesenchymal cell basal and hormonal agonist-stimulated PGE2 production up to 100-fold (34) . The absence of macrophages from EFA-deficient glomeruli thus may explain the decrease in A II-stimulated eicosanoid production because mesangial cells are the only glomerular cell to express receptors for A II (35) . This hypothesis is supported by studies that demonstrate that monocyte depletion prevents the influx of macrophages, as well as the markedly enhanced agonist-stimulated eicosanoid production, seen in a model of experimental renal inflammation, hydronephrosis (12) .
The observation that linolenic acid supplementation did not reverse the decrease in glomerular macrophages or the decrease in eicosanoid synthesis seen with EFA deficiency suggests a parallel between the mechanisms underlying the protective effect of EFA deficiency and the protective effect of (n-3) fatty acid-enriched diets. In fact there are many similarities between the biochemical effects of (n-3) fatty acid enrichment and EFA deficiency with respect to eicosanoid production. Eicosapentaenoic acid, the (n-3) fatty acid which is augmented most dramatically by linolenic supplementation, is a poor substrate for cyclooxygenase but does inhibit prostaglandin formation from arachidonate by competing for cyclooxygenase (36) . With respect to lipoxygenase metabolism, eicosapentaenoic acid is converted to leukotriene A5 and subsequently to leukotrienes C5 and B5 (37) . Leukotriene A5 is inefficiently converted to leukotriene B5, and inhibits the formation of leukotriene B4, possibly by covalently coupling to leukotriene A hydrolase (38) . In comparison, 20:3(n-9), which accumulates in the deficiency state, is also not a particularly good substrate for cyclooxygenase (39) . EFA deficiency, however, does decrease prostaglandin production in response to certain stimuli (e.g., A II), probably by depleting arachidonate from selected phospholipid pools rather than by a competitive mechanism (13) . With respect to lipoxygenase metabolism, 20:3(n-9) is metabolized to leukotriene A3 and subsequently leukotriene C3 (18), but is not metabolized significantly to leukotriene B3 (40). As with leukotriene A5, leukotriene A3 is poor substrate for leukotriene A hydrolase and has been shown to bind to, and inactivate, leukotriene A hydrolase thus preventing leukotriene B4 synthesis (41) .
In summary, EFA deficiency has dramatic effects on both glomerular macrophage number as well as glomerular eicosanoid production. These phenomena appear to be a function solely of (n-6) fatty acids and may well be causally associated. Understanding the mechanisms underlying these observations may help to clarify further the mechanism of the protective effect of dietary fatty acid manipulation in immune-mediated glomerulonephritis. Additionally, the use of EFA deficiency may provide a new tool to elucidate the role of macrophages and arachidonate metabolism in this disorder.
